This paper presents the levels of detection of selected agricultural pesticides in river and tap water in the Letsitele, Lomati and Vals-Renoster catchments, South Africa. Agriculture plays a major role in the development of communities through job creation and poverty eradication. However, exposure to agricultural pesticides can result in serious human health and environmental effects. This study, therefore, identified critical areas where specific pesticides might result in high environmental and human health risks. Three water catchment areas, namely, Letsitele, Lomati and Vals-Renoster, were identified for raw and tap water analysis. The results confirmed the presence of selected agricultural pesticides: atrazine, terbuthylazine, imidacloprid, metolachlor, simazine and alachlor. Although low concentrations of most of these pesticides were detected, pesticides such as atrazine, alachlor and simazine are known for endocrine disruption. A critical finding of this study is the detection of these pesticides in tap water (drinking water) of a primary school in the Lomati catchment. This reveals a high exposure potential for human health. It is thus recommended that further research be conducted to determine the potential health risks associated with these pesticides among vulnerable communities, through epidemiological studies.
INTRODUCTION
South Africa has the largest agricultural pesticide market in the sub-Saharan Africa region (Naidoo and Buckley, 2003) . The South African National Department of Agriculture, Forestry and Fisheries (DAFF, 2010; ) registered a variety of pesticides for agricultural use during the years 2010 and 2013. Dabrowski (2015a) confirmed that more than 3 000 pesticides were registered for use by the agricultural sector in South Africa in 2015. Pesticides are one of the many technologies commonly used to improve agricultural production in South Africa (Dabrowski, 2015a) . In an earlier study, Maharaj (2005) raised concern about the increasing trend of pesticide use in South African agricultural production and the number of pesticides used. The primary concern of Maharaj (2005) was the deterioration in the chemical water quality of South Africa's rivers.
Agriculture is one of the key sectors of the South African economy that is relied upon for addressing the country's 26.6% and 39% unemployment and poverty rates, respectively (StatsSA, 2016) . In the light of the current levels of unemployment, poverty and inequality, cessation of pesticide use is not considered an option. In contrast to the economic potential of rapid growth of the agricultural sector, the use of most agricultural pesticides presents both chronic and acute environmental and human health risks, particularly for farming communities that are vulnerable due to living in close proximity to pesticide use.
Machete (2017) points out that organic and inorganic elements or compounds of agricultural pesticides are capable of moving from a point of application into non-target environments, particularly in surface and groundwater resources. In an earlier study, Dabrowski and De Klerk (2013) found the presence of agricultural pesticides in the water resources bordering intensely farmed areas, and detected pesticides in ground, surface and drinking water. Various studies have highlighted the persistent nature, mobility and potential environmental risks associated with a number of commonly used agricultural pesticides (Schulz, 2001; Footprint, 2006; Dabrowski, 2015a; Machete, 2017) .
Numerous chronic and acute environmental health risks are associated with agricultural pesticide exposure. Footprint (2006) and Schulz (2001) concur that environmental exposure to agricultural pesticides is responsible for many incidences of toxicity to aquatic organisms. For instance, chlorpyrifos and endosulfan have been detected in environmental water samples at levels that may be toxic to fish and other macro-invertebrates (Dabrowski et al., 2014) . According to Hallenbeck and Cunningham-Burns (2011), agricultural pesticides contain chemical elements or compounds that are carcinogenic, teratogenic, mutagenic and endocrine disruptive to living organisms (including human beings).
In developing countries, the use of agricultural pesticides has been associated with a myriad of detrimental effects on female health (London et al., 2002) . In South Africa, the consequence of pesticide exposure has been related to several human health effects such as endocrine disruption, among others (Aneck-Hahn et al., 2007; English et al., 2012) . In light 717 of the seriousness of the environmental health risks associated with agricultural pesticide exposure, this study aimed to determine if agricultural pesticides could be detected in river and tap water in Letsitele, Lomati and Vals-Renoster catchments, South Africa.
MATERIALS AND METHODS
This study was conducted in three farmed water catchment areas, namely, Letsitele, Lomati, and Vals-Renoster. The three catchment areas were selected due to suspected potentially high pesticide contamination.
Letsitele catchment
The Letsitele River is located in Limpopo. The river drains the Wolkberg Mountains and flows in a north-easterly direction towards the town, Letsitele, where it flows into the Letaba River. The upper reaches of the catchment mainly comprise of commercial forestry. The river passes through intensively cultivated commercial agricultural land where avocados, citrus fruit and mangoes are produced. Human settlements with domestic livestock and communal gardens occur in close proximity to these commercial agricultural areas. The towns of Khujwana and Mogoboya are adjacent to the Letsitele River near fruit orchards. The upper sections of the catchment are characterised by relatively steep slopes, resulting in a relatively high runoff potential for pesticides. The main soil type is a sandy clay loam, which has a relatively high percentage of sand and is thus susceptible to leaching agrochemicals (Dabrowski, 2015a). This study identified these fruit orchards as potential sources for pesticide spray drift towards human settlements and water sources. Thus, the catchment area and specific sites in it were selected for the purposes of tracing potential endocrine-disrupting chemicals (EDCs) in the domestic water supply.
Lomati catchment
The Lomati River is located in the eastern part of Mpumalanga, north of Eswatini and south of Mozambique. Sugarcane production is the primary agricultural activity undertaken in the surrounding areas, with a smaller proportion contributed by maize, mangoes, bananas and wheat production. The Lomati River originates in Eswatini and flows into Driekoppies Dam and then into the Komati River. Agricultural activities are generally undertaken on low to medium gradient slopes of relatively sandy soil. The mean annual precipitation for the Lomati catchment is 880 mm (Deksissa et al., 2003) , with most rainfall occurring in the summer months between November and March.
Vals and Renoster catchments
The Vals River flows in a westerly direction from upstream of Kroonstad past Khotsong and Bothaville before entering the Vaal River. Kroonstad is located midway along the river between VL3 and VL2 and this section of the river is affected by a number of industries and point-source pollution impacts (e.g. sewage outfalls). The catchment of the Renoster River is also an intensive agricultural area, and few large towns are situated along the length of the river. The river flows northwards, entering the Vaal River upstream of its confluence with the Vals River. Relatively few large towns are located along the length of the river (Dabrowski, 2015b) . Agricultural activity in the Vals and Renoster catchments consists of intensive maize production along with sorghum and sunflower production. The catchment area is predominately agricultural and is particularly flat in the lower reaches. It has a high proportion of sandy soils which are associated with increased pesticide leaching potential (Dabrowski, 2015b) .
Sampling
A total of 14 water sampling points were selected across the three catchments (Table 1) .
Three samples were collected from Letsitele, five from Lomati and six from Vals−Renoster (see Table 1 ). Four seasonal sampling sessions were conducted for each sampling point.
Selection of pesticides for analysis
Information on pesticide use per crop at a national scale (DAFF, 2013) was used to prioritise specific pesticides for testing and analysis in the 14 samples collected. Quarterly raw and tap water samples were collected and analysed to assess the presence of pesticides and their seasonal variation, if any. All raw water samples were collected in 1 L amber glass bottles at approximately 50 cm below the water surface for raw water sampling. All raw and tap water samples were transported on ice at 4°C until delivered to an accredited laboratory. The pesticide crop prioritisation matrix identifies atrazine, terbuthylazine, imidacloprid, metolachlor, simazine and alachlor as relatively high national priority pesticides used in agriculture. Atrazine, alachlor and simazine are among the 12 known endocrine disrupting pesticides (Footprint, 2006; McKinlay et al., 2008) .
Quantitative analysis of GC-MS
Liquid-to-liquid extraction was used to extract samples, which 718 involved collecting the organic layer; adjusting the pH; shaking and filtering. The elution was rotary evaporated to the required final volume of 0.5 mL and analysed on capillary column GC-MSD for organophosphates (following the method of Dabrowski et al., 2014) .
RESULTS AND DISCUSSION

Letsitele catchment
Five EDC pesticides were present at the Letsitele catchment sites (1) upstream (LT3), (2) tap at a public primary school (LT4) and (3) downstream (LT9), as presented in Fig. 1 .
The results show a high detection level of diphenylamine, imazalil, thiabendazole, imidacloprid and propiconazole in November 2011. Much higher concentrations of imazalil, thiabendazole and diphenylamine were observed, with propiconazole and imidacloprid occurring at lower concentrations. EDCs were detected in the tap water (drinking water) from a borehole at a primary school in Letsitele Furthermore, a much higher concentration of diphenylamine, imizalil and thiabendazole was detected in November 2011, with propiconazole consistently detected in the tap water at the primary school in almost all seasons, with the exception of the August and November 2012 sampling seasons. The results also show higher EDC concentration in ground water than in surface water, as seen for LT3 and LT4 samples across seasons. Consistent detection of higher levels of imidacloprid at LT9 in all seasons were also noted, as compared to its absence in LT3.
Lomati catchment
Based on the type of agricultural production and potential EDC pesticides used in the catchment area, the concentrations (μg/L) of selected pesticides were analysed in water samples collected from selected sites in the Lomati catchment area (Fig. 2) .
The results show no detected EDCs in the June 2012 719 sampling season. However, during the September and December 2012 and March 2013 sampling seasons, atrazine, imidacloprid, terbuthylazine and carbofuran were detected at varying concentrations. Atrazine was detected in all samples, despite being at low concentrations. It was noted that atrazine concentration was at higher levels in NK4 during September and December 2012 than for all other sampling sites. All the above-mentioned five pesticides were detected at NK3, NK3tap, NK4 and NK6 sampling sites. Higher concentrations of pesticides were consistently detected at NK4 throughout the sampling period when compared to the other sites. It is also noted that NK5 was the least contaminated of all sites. However, the presence of EDCs in the NK3 tap water is of serious concern, as it represents direct human exposure to the pesticides, in particular schoolchildren in the school where the tap is located and is used for drinking water supply.
Vals-Renoster water catchment
Presence and concentrations of atrazine, alachlor, imadaclopid and terbuthylazine (μg/L) were analysed in water samples collected from selected sites in the Vals and Renoster catchments, based on the prevailing agricultural production practices and types of pesticides used (Fig. 3) .
The results confirm the presence of atrazine, alachlor, imadaclopid and terbuthylazine in different samples in all seasons in the Vals and Renoster catchments. Although not all samples had all five EDCs detected in equal frequencies and concentrations, all EDCs were detected at one or more sampling sites during each sampling season. In January and April 2013 (rainy season), the concentration levels showed an increase for atrazine, simazine and terbuthylazine. The samples from VL2 and VL3 showed consistently high concentrations of simazine, atrazine and terbuthylazine in January and April 2013, followed by RN3 in January 2013 and VL3 in April 2013. The detection and concentrations indicate a relationship between the rainy season and leaching of EDC pesticides, as found in previous studies (Schulz, 2001; Dabrowski and Schulz, 2003; Dabrowski, 2015b) .
CONCLUSION
This study confirmed traces of various EDC pesticides in raw and drinking water in the Letsitele, Lomati and Vals-Renoster catchment areas. Traces of pesticides in borehole and reticulated tap water samples were confirmed in Nkomati and Letsitele, respectively. The pesticides investigated are known EDCs, and were found at high concentrations in some instances. Wu et al. (2009) found that exposure to atrazine concentrations as low as 0.1 ppb can alter the sex characteristics of male frogs, resulting in male frogs with female sex characteristics, hermaphroditism and the presence of eggs in male frog testes. The current study found much higher concentrations of atrazine and other EDCs in drinking water in this study, which presents a much higher potential of exposure and the possibility of a myriad of effects on humans and the environment (fauna and flora). The (ATSDR, 2003) , found that atrazine can cause liver, kidney and heart damage in animals, and could possibly cause cancer in humans. Maternal exposure to atrazine has been associated with low birth weights, heart, urinary and limb defects in humans. Wu et al. (2009) report that atrazine exposure can lead to adverse reproductive effects in animals and humans, even at low levels of exposure. When exposure coincides with the development of the brain and reproductive organs, the effects may be even more severe. Also of great concern is the potential for atrazine to act synergistically with other pesticides to increase their toxic effects. Fitzmayer et al. (1982) and Garry (2004) confirmed the acute toxicity effects of simazine and other EDCs on human health, particularly in children. Further studies are recommended, including epidemiological investigations to establish the prevalence of environmental health risks and specifically to establish a cause-effect relationship between human exposure to the studied pesticides and potential environmental health risks highlighted in other studies. Finally, this study also highlights the question of the efficacy of existing water treatment technologies in the study areas, due to their inability to completely eliminate EDCs during water treatment processes. This suggests the need for water treatment in the indicated areas to be investigated. 
